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Abstract.
As part of a combined Sunyaev-Zeldovich Effect (SZE), X-ray and
weak lensing survey of low redshift (z < 0.1) X-ray clusters, we present
SZE images of the z = 0.059 X-ray cluster Abell 3266 at three observ-
ing frequencies (150, 220, 275 GHz) and after the spectral subtraction
of primary Cosmic Microwave Background (CMB) anisotropies. These
images were generated using the ACBAR bolometer array operated on
the Viper telescope at the South Pole. The multi-frequency data from
ACBAR should allow us to overcome one of the main obstacles facing the
analysis of SZE observations of nearby clusters, i.e. contamination from
primary Cosmic Microwave Background (CMB) anisotropies.
1. Introduction
We are undertaking a multiwavelength study of the physical properties of a
sample of ∼ 10 nearby (z < 0.1) X-ray bright galaxy clusters. These clusters
were selected from the REFLEX Survey of southern X-ray clusters (Bo¨hringer
et al. 2001). They conform to the following criteria: Lx > 4×10
44 erg/s [0.1-2.5
keV], z < 0.1 and δ < −44◦.
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In this study, we will combine new and archival X-ray observations with
weak lensing observations and new Sunyaev-Zeldovich Effect (SZE) observa-
tions. The multiwavelength observations consist of X-ray (archival ROSAT and
new Chandra and XMM data), weak lensing (4m CTIO observations already
at hand), and new millimeter observations (from the ACBAR bolometer array
mounted on the Viper Telescope located at the South Pole) intended to detect
the SZE towards these clusters.
The Sunyaev-Zeldovich effect (Sunyaev & Zel’dovich 1972) describes the
inverse Compton scattering of CMB photons by hot electrons in the intra-cluster
plasma. There are two SZ effects: the kinetic and thermal. The thermal effect
is the larger by about an order of magnitude. The thermal effect is due to the
random thermal motion of the cluster electrons and shifts lower energy CMB
photons to higher energy, while the kinetic effect is due to the bulk motion of
the cluster. Interestingly, the thermal SZE spectrum has a null at about 218
GHz where the kinetic SZE is maximum.
SZE measurements can be performed with three different techniques: in-
terferometers, single-dish radiometric observations and bolometers (for a recent
review see Birkinshaw 1999). Interferometer studies have produced high signal-
to-noise SZ maps of roughly 20 clusters (e.g., Carlstrom et al. 1996; Reese et
a. 2002; Jones et al. 2001; Udomprasert, Mason & Readhead 2001). These
maps take advantage of the spatial filtering and high stability intrinsic to in-
terferometer observations. However, interferometers have been used only at low
frequencies (well below the thermal null) and suffer of variable radio source con-
tamination. Single dish radiometric observations have also been performed (e.g.
Birkinshaw, Hughes & Arnaud 1991; Cantalupo et al. 2002), but these are also
restricted to frequencies below the thermal null. On the other hand, bolometers
offer high sensitivity and an extended spectral range. They operate from a few
to several hundred GHz and so can gather data below, at and above the null in
the thermal SZE (e.g., Holzapfel et al. 1997; Pointecouteau et al.2001).
The rationale behind combining multiwavelength observations of clusters
is that they probe the cluster components in different ways. For instance, X-
ray and SZE data probe the gas density and temperature distributions, whereas
weak lensing observations probe the total mass distribution. The combination of
X-ray and SZE data provides three observables (X-ray surface brightness, SZE
decrement, and projected temperature) which constrain the variation of density
and temperature throughout the target cluster. Comparing weak-lensing mass
distributions with X-ray and SZE gas distributions in the same clusters allows a
detailed test of usual assumptions (hydrostatic equilibrium, spherical symmetry,
and the lack of significant substructure) on which estimates for the amount and
distribution of dark matter in clusters are based.
Our study will attempt to: 1) characterize the density, temperature, and
dynamical state of the gas in each cluster. 2) compare the mass estimates
derived from the SZE and X-ray observations with the more direct weak lensing
mass. This study of nearby clusters is paramount to determine whether, and to
what level, future cosmological parameter estimates from SZE and X-ray cluster
surveys might be biased by non-thermal cluster physics and/or by non standard
cluster geometries (e.g., Holder et al. 2001). Here we highlight observations of
one of the brightest members of our sample, A3266.
Abell 3266 3
2. Abell 3266
Abell 3266 has an X-ray temperature of 6.2 keV (Markevitch et al. 1998) and
a redshift of z = 0.059. There is evidence that suggests that this cluster is
a postmerger system (Quintana et al. 1996, Mohr et al. 1993). Recently,
Roettiger & Flores (2000) have modeled this cluster as the result of an off-axis
cluster merger. They found that a 2.5:1 mass ratio off-axis merger provides a
good match to the ROSAT temperature and gas density distribution for the
clusters. In addition, they have also predicted the presence of large rotating
bulk flows in this cluster.
2.1. Weak Lensing and X-ray Data
A3266 was observed by the CTIO 4m telescope in the R and I band in 1998 in
order to create a weak lensing map (Joffre et al. 2001). These observations cov-
ered a FOV of 45′ × 45′ and achieved ∼ 28.4 mag/arcsec2 and 26.9 mag/arcsec2
in the R and I bands respectively. Overall, some 36000 galaxies ellipticities were
measured in the field of this cluster (Joffre et al. 2001). Joffre et al. pointed
out that the mass is concentrated towards the cD galaxy.
We have retrieved and processed archival ROSAT pointed X-ray observa-
tions of Abell 3266. We have used Snowden et al (1994) ESAS process to create
count maps in the 0.4-2.0 keV band. In order to deproject the density dis-
tribution, we perform a fully tridimensional projected beta model maximum
likelihood fit to the ROSAT data (Cantalupo et al. 2002) which yields a β value
of 0.92 ± 0.02 and a core radius of 423 ± 20 kpc.
2.2. Multifrequency Sunyaev Zeldovich Effect Observations
ACBAR (Runyan et al. 2002) is a 16 pixel multifrequency mm-wave bolometer
array and operates on the 2m Viper telescope at the South Pole. During 2001,
ACBAR operated simultaneously at 150, 220, 275, and 350GHz, i.e. on either
side of the thermal null, and – because of the superb transmission and stability of
the South Pole atmosphere – achieved high sensitivity to clusters. The ACBAR
beam size is roughly 5′ (FWHM) at each frequency. Typical sensitivities for
each 150GHz detector are 400 µKCMBs
1/2.
We observed Abell 3266 in March and in August of 2001 and were able to
create maps covering roughly one square degree centered on the cluster at each of
the following frequencies: 150, 220, 275 GHz. The typical random noise in these
maps was 30 µK per beam at 150. As expected these maps were contaminated
by primary CMB anisotropies. This contamination was especially pronounced in
the 150 map, where the CMB noise dominated the random noise. However, our
multifrequency observations and our knowledge of the spectrum of the physical
mechanism responsible for the thermal SZE allowed us to spectrally filter out
the CMB primary anisotropy. Intuitively, this method is very simple as it can be
shown that at 150 GHz we detect the CMB minus the cluster signal; at 220 GHz
-the thermal SZE null- the CMB dominates the map; and at 275 GHz we detect
the CMB plus the cluster signal. So, naively subtracting the 150 GHz data from
the 275 GHZ data would retrieve the cluster signal and cancel out the CMB
data. In practice, we construct a linear combination of the 150, 220, and 275
GHz images designed to maximize the SZ signal and minimize the CMB signal
at the RJ limit that takes into account the shape of the SZE spectrum. Figure
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1 shows that ACBAR can use the SZE to resolve some of the same extended
structures seen in the ROSAT X-ray image and that most of the primary CMB
anisotropy signal has been subtracted in the CMB subtracted map.
3. Conclusions
In this preliminary analysis of Abell 3266, we have demonstrated that we can
use the three ACBAR observing frequencies to remove CMB signal in maps of
the SZE. In the future, we expect to improve the SZE data processing and to
obtain SZE maps and SZE spectra for all the clusters in our sample. Through
the combination of ACBAR, weak lensing and X-ray data, we should obtain
a better understanding of cluster physics and hence of the role of clusters as
cosmological probes.
Acknowledgments. This research was supported by NASA grant number
NAG5-7926. We thank P. Ade, A. Lange, M. Daub, M. Leuker, and J. Bock
for their contributions to ACBAR; R. Nichol, T. McKay, and J. Freemann for
allowing us access to the weak lensing data; and K. Bandura for assistance with
the X-ray fitting.
References
Birkinshaw, M., Hughes, J. P., & Arnaud, K. A. 1991, ApJ, 379, 466
Birkinshaw, M. 1999, Physical Reports, 310, 97
Bo¨hringer et al. 2001, A&A, 369, 826
Carlstrom, J. E. et al. 1996, ApJL, 456, L75
Cantalupo, C.M. , Romer, A. K., Peterson, J.B., . et al. 2002, ApJ (submitted)
Holder, G, Haiman, Z., & Mohr, J. 2001, ApJL, 560, 111
Holzapfel, W., et al. 1997, ApJ, 481, 35
Joffre, M. et al. 2001, ASP Conf. Ser. 237, 317
Jones, M. et al. 2001, astro-ph/0103046.
Markevitch, et al. 1998, ApJ, 503, 77
Meyer, S., et al. 1983, ApJL, 271, L1
Mohr, J., Fabricant, D. G., & Geller, M. J. 1993, ApJ, 413, 492
Pointecouteau, E., et al. 2001, ApJ, 552, 42
Quintana, H., Ramirez, A., & Way, M. J. 1996, AJ, 112, 36
Reese, et al. 2001, astro-ph/0205350
Roettiger, K. & Flores, R. 2000, ApJ, 538, 92
Runyan M.C., et al. 2002, ApJ in preparation
Snowden, S. L.et al. 1994, ApJ, 424, 714
Squires, G. & Kaiser, N. 1996, ApJ, 473, 65
Sunyaev, R. A. & Zel’dovich, Ya. B. 1972, Comm. Astrophys. Sp. Phys., 4, 173
Udomprasert, et al. 2001, astro-ph/0012248.
Abell 3266 5
150 GHz
  
04h 34m    33    32    31    30
RIGHT ASCENSION
-61° 40′
   35
   30
   25
   20
   15
   10
D
EC
LI
N
A
TI
O
N
CENTER:  R.A. 04 31 41.87    DEC  -61 23 56.3
-119 -79 -39 0 39 79 119
220 GHz
  
04h 34m    33    32    31    30
RIGHT ASCENSION
-61° 40′
   35
   30
   25
   20
   15
   10
D
EC
LI
N
A
TI
O
N
CENTER:  R.A. 04 31 41.87    DEC  -61 23 56.3
-602 -401 -200 0 200 401 602
275 GHz
  
04h 34m    33    32    31    30
RIGHT ASCENSION
-61° 40′
   35
   30
   25
   20
   15
   10
D
EC
LI
N
A
TI
O
N
CENTER:  R.A. 04 31 41.87    DEC  -61 23 56.3
-306 -204 -102 0 102 204 306
  
04h 34m    33    32    31    30
RIGHT ASCENSION
-61° 40′
   35
   30
   25
   20
   15
   10
D
EC
LI
N
A
TI
O
N
CENTER:  R.A. 04 31 41.87    DEC  -61 23 56.3
-224 -149 -74 0 74 149 224
Figure 1. Mosaic of the 150 GHz, 220 GHz, 275 GHz, and CMB spectrally
subtracted colorscale images of Abell 3266 (convolved with a Gaussian with
FWHM ∼ 5′ overlaid onto the ROSAT contours. Note that most of the CMB
present in the 150 GHz, 220GHz, and 275GHz channels has been minimized
in the CMB subtracted map and that the strongest signal is associated with
the cluster. As expected, the SZE cluster signal at 220GHz is minimum.
